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Abstract 
A few common design-related issues can produce survey
estimates that may be misleading, wrong or controversial
under closer examination.  Using surveys in research and
development for the purpose of distribution of resources from
government coffers requires an awareness of survey design
principles.  I reference the design issues impacting on evidence
which include concealed groupings, response rates,
demographic adjustments and stratification.  Other aspects
discussed are questionnaire design, question development for
complex issues and the need to anticipate the full range of
potential answers.  Online survey tools are handy for selected
situations with a few caveats. I note the value of aligning your
study to other studies for comparison purposes.  Innovations
in survey methodology are briefly highlighted because complex
random samples are often used in research in health,
economics and agricultural development.
Introduction
Surveys are deployed for research or policy development to
collect quantitative data in order to produce an estimate and
its reliability.  Data provides quantitative evidence for use in
public sector resource allocation or to understand aspects of
farming communities in development projects.  I review
simple theory and some pitfalls to avoid.  The importance of
evidence obtained from surveys is highlighted, as is the need
to employ survey design principles relevant to the situation.
From a representative sample we can estimate an unbiased
mean or unbiased proportion with its associated measure of
reliability.  Estimates are commonly produced with a 95
percent confidence interval.  The unbiased aspect refers to the
fact that the method allows a true estimate of the value of
interest.  The prerequisite for this is to select a sample by using
a method that gives every unit a known probability of being
selected, which is in fact a random sample.  Hence, each
household (in a household study), each business (in a business
study) or each person (where a person is the unit of interest)
has a known chance (probability) of being chosen and this
avoids bias (Scheaffer et al, 2012). We need to apply statistical
methods when we collect research data and this paper reminds
us of some survey design principles and relates them to the
practical collection of data. 
Critique of comments from survey
plans or reports
1 “One in five responded to the survey, the results showed 
most people ….…!”  
2 “No one has done this before, I plan to survey 30 people 
………..”
3 “I have got 50 questions written and I want to add another 
10 which would be interesting …”
4 “Question 102: Do you own or rent your cropping and 
pasture land…………?”
The item 1 above is a low response rate (one in five responded)
so we cannot say anything about most people from the results.
Statements from surveys that have been correctly designed
should state the sampled population and the response rate.
Item 2 is a number that someone may have heard is a big
enough sample for a survey.  A sample size calculation needs
to be carried out to inform the survey sampling scheme.  Item
3 is the tendency to overdo the number of questions and shows
a lack of focus in planning, and can easily result in partial
completed surveys as respondents get weary.   Lastly item 4 is
a poorly thought out question, the results of which cannot be
analysed.  The reason is that this question needs to be
rewritten as two questions and the range of responses need to
cover all options.  One question is on land ownership and the
second is on land use.  Piloting – trying out the questions with
local experts – will allow a full range of answers to be available.
Piloting early on will save time at the analysis phase.  Response
rates should be reported so that the reader is aware of the non-
response bias if response rate is low or biased for some reason. 
A few terms to understand
Unit of study
We first need to define our unit of study (eg a person, a
household, or a business).  We need to know the spatial and or
temporal context of our interest, which in research may
involve an area such as a region, or in an education setting
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may be a sample of schools or a sample of individual students
within a school.  In a simple random sample each unit has a
known probability of being selected.  In a cluster or multi-level
survey there are two or more levels of units (eg students in a
school; or students within a class, classes within a school).  A
sample is selected from each level at a known probability of
selection.  If there are spatial clusters, or repeat survey waves over
time, they are more complex to analyse due to the feature of auto
correlation within a person or within a cluster. Basically, a person
will have similarities within a series of questions over time
compared to variations between different individuals. 
Survey frames 
A census is an official count of persons in a state and is
conducted on a regular five- or ten-yearly basis. It is primarily
for knowing a country’s population, and data is available from
The Census Bureau (2017).  A statistical survey is a designed
study that costs considerably less to administer than a census.
Surveys may have a particular function such as an omnibus
survey (taking in a few questions from several government
departments) or a household survey to record employment or
household expenditure or to focus on a neighbourhood for a
particular need (such as renewal).  An agricultural
development household (farm) survey may focus on a
particular crop or enterprise (eg cassava cultivation as a cash
crop or goat farming).  We have to consider how to select a
random sample (each unit having a known chance of being
selected).  Therefore we need a list of units, or a map, as a
frame.  This list or map is known as the sample frame. In a
household survey this may be a list of names with postal
addresses including a phone (land line).  In development
projects we may use a map, or an address list, or a mobile
phone list.  In Mozambique, farmers were selected using a
mobile phone list as the frame (personal communication with
Nascimento Salomao Nhantumbo, PhD student). 
Populations
There is often a difference between the study population and
the target population. The target population consists of all the
units in the population and the actual study population will
be a little different, in general a little smaller.  This is because
some responses cannot be collected if the household is not in
the frame, does not have a phone, has moved away or a
respondent may have died.  In an educational setting, there
may be students who enrolled late, those who have dropped
out, moved or are suspended.  In a rural setting, there may be
households without phones, or the list may be out-of-date.  In
some countries we may find families have a town address and
a rural address, as the family cultivate or herd cattle away from
their urban home for some parts of the year (eg in Botswana).
The currency of the sampling frame is important so the frame
needs to be as up-to-date (current) as possible.
Sample size calculations
For a particular measurement within a survey, a sample size
calculation is carried out; an example is given in Ryan (2017).
In a survey of many variables, it is common to take the
measurement about which you are most interested.  The
equation to calculate the sample size incorporates three things:
(i) the variation of the measurement within units, (ii) effect
size of the estimate and (iii) the number required to achieve
this in a group.  The power of the study can be calculated if
two groups are to be compared.  There are useful sample size
calculators online, such as HyLown Consulting LLC (2018),
however, this topic is not described in detail in this article.
Statistical and practical considerations (such as cost) are
balanced in real life situations.  In general, if the sample is
small, and/or there is high variability, there will be a large
standard error. 
Response rate
The response rate relates to the number of respondents who
completed the survey divided by the number on the frame who
received the survey.  The non-response can vary for a diverse
number of reasons (Table 1).  Often, not all questionnaires are
completed; this is due to refusals, non-contactable, ‘return-to-
sender’, spoiled mail and several other conditions.  These
details, should be in a technical report presented as a report
Table 2.  Type of non-response and effect on data. 
Table 1.  A selection on non-response in various types of survey. 
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appendix.  The higher the non-response rate, the less reliable
and the less representative are the results.  We know nothing
about non-responders, so we may in fact know nothing about
60 percent of our target population!  In a postal survey, we may
get RTS (return to sender), which are returned mail surveys,
and these are removed from the sampling frame (Table 2).
However in interviews, if the head of household was not at
home, this situation would be handled differently.  In most
cases two or three follow-up visits are costed into the protocol
or survey plan.  Likewise in a telephone survey or a postal
survey a follow up or reminder may be used to assist in
attaining as high a response rate as possible.
Multi-level structure 
It is vital that the statistical analysis reflects the design
structure of the survey.  Hierarchical designs, also known as
multi-level designs, are often used to obtain survey data. These
have a complex structure in which data are randomly sampled
from two or more levels, or strata. For example, households
may be sampled within a selection of regions.  Such design
structures must be taken into consideration in the analysis.
Such complex random samples generally require a larger
sample size, however, they are often the most sensible
approach in practice.  If the incorrect analysis, which ignores
the design structure, is undertaken, there is a risk of the results
being affected by Simpson’s paradox.  In Simpson’s paradox,
effects observed at the individual level may be reversed, weaker
or stronger, or even not exist, at the higher, population level.
Simpson’s paradox can occur when the assumption is made
that inferences made at the higher level apply to the individual
level (Sedgwick, 2015).  These complex hierarchical or multi-
level designs are analysed using multi-level linear models, also
known as random effects models, to produce correct estimates
for standard errors and variance components (Goldstein,
2011).
Administrative data
Interestingly, some people are averse to using surveys as they
perceive surveys are expensive.  Many ‘non-statisticians’ may
believe that administrative data are available and valid as a
source instead of collecting survey data!  Administrative data
are collected for clerical purposes.  Problems commonly
occurring in administrative datasets include missing data, data
quality, repeats, non-consistency (eg inadequate coding of
location) and poor coverage of the population of interest.
The value of survey evidence
In development projects, the opinions and experience of
participants, and the economic outcomes from interventions,
are important in project evaluation.  The best way to collect
primary data is to ask a sample of people in order to get
current, relevant data in the context of the project.  A survey
can be very cost-effective and efficient, and government
omnibus surveys are very useful for data collection.  An
omnibus survey includes a few questions known as
‘demographics’ which include age, gender, employment and
education, etc.  These demographic profiles allow us to assess
whether the survey respondents contain a similar range of
people as the actual population.  If there are too many of one
group among the respondents, it is possible to standardise the
results on the actual population so there is no bias due to
education or age, etc.  In Queensland, examples of surveys are
Community Life Surveys for reporting on Community
Renewal populations, and Queensland Government Household
surveys (Queensland Government Statistician’s Office, 2015).
In the former, the frame was an address list for a prescribed
renewal area, and in a later, state-wide survey the frame was a
list of phone numbers stratified by the eleven Statistical
Divisions. International surveys for agriculture are conducted
on a ten-year cycle (FAO, 2017).  The relationship between
surveys and agricultural census, and the use of the data, are
outlined in FAO (2012).
In a study in Ghana, farms were randomly selected within
randomly selected regions.  The characteristics of farmers
adopting certified maize varieties were analysed using logistic
regression.  Household size and farm size were the only factors
that significantly influenced farmers’ decision to use certified
maize seed (Etwire at al, 2016).  A study of goat production in
Zambia used two-stage sampling, with random samples taken
in two regions (Chipasha et al, 2017). 
Planning a statistical survey
“What is the key information you are hoping to get from this
survey?”
“Why are you asking this/these questions?”
“What is already known about the farmers in this region?
“Have you timed this interview?”
“Will you need to train the enumerator to understand this
question?” 
“What sections do you hope to report on with the data you
collect?”
The above are questions relating to survey design.  They
remind us of the key aspects of survey planning.  Firstly, we
need to be clear on our reason for conducting the survey,
which involves knowing what we need to find out and why,
and how our population is structured.  Do we need to have a
multi-level design or to collect data over time?  What data do
we already have about the population, from census, or recent
surveys?  We also have to cost and think of the practicalities of
the mode of survey we are planning to do (the mode of the
survey refers to mail, interview and telephone types of
contact). 
Structure of the survey units 
The simplest design is a simple random sample (Figure 1a).
However we need to account for any repeating of the sample
over time (Figure 1c) or the use of samples within clusters
(Figure 1b).   Tests are available to assist in complex analysis
of survey data with the emphasis of incorporating the multi-
level components where necessary, and in particular when we
are interested in them (Goldstein, 2011 and Bartolucci et al,
2016).
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Avoiding bias
The best thing you can do is to collect a representative sample,
particularly when we know very little about the characteristics
of the target population.  A simple random sample ensures
there is no selection bias.  If you decided to take a convenience
sample (of your mates at a conference) these would be over-
represented by like-minded people, potentially with a particular
view and from an educated and professional subset.  Likewise
taking a sample of a youth basketball team may not be the best
way of estimating the height of 18-20 year old males!
Sample size for a specified reliability
This involves defining the margin of error. Typically, a margin
of error of around 3 percent for an estimated percentage is
acceptable.  Thus the reliability of the estimate ranges from
+/- 3 percent.  The margin of error is affected by sample size,
declining as sample size increases.  However, as sample size
increases to over 500 units within a group there is little further
gain in accuracy from increasing the sample size.  In cases
where there are finite and smaller total populations, it is still
useful to calculate the sample size for the appropriate estimate
of error.  If a survey is for descriptive purposes, for example to
characterise a region, a smaller than optimal statistical sample
size may be used due to cost.  Descriptive statistics typically
reported include totals, proportions, means, ranges and
standard errors of the estimates.  
Question construction and aligning our result to other
surveys 
When planning questions, we can be informed from questions in
other surveys.  Using similar age groups or demographic factors
we can align our results with recent surveys in similar topics.  We
do not have to re-invent questions; however, it is important to
have an objective question (eg a survey on the use of alcohol
should ask about levels of consumption without using subjective
terms).  Opinion surveys should allow a range of responses from
negative to positive and also allow a neutral position.  The
respondents should be allowed to refuse a question.  We can code
answers to have NA as not applicable or NA as not available (as
in refused).  It may be useful to have refused (R), not applicable
(NA) and don’t know (DK).  There should be a response for each
situation.  This reflects the nature of the data in a more useful and
subtle way.  Pre-testing of questions is a good way to find possible
responses for closed questions. 
Care must be taken to distinguish between answers where
multiple responses (to parts of a question) are allowed, as the
totals will obviously sum to over 100 percent; and care is also
required in reporting and plotting data.  Schaeffer et al (2012)
remind us that a questionnaire should be carefully constructed
to encourage participation by respondents.  Hence attention
to font, the question order and the length of survey are
important. 
When is a survey not a survey? Self-
selection on a website 
We now have online surveys and new ways of collecting data
(via apps) from organisations or from the general public.  This
may be useful in a context where we wish to collect data on
select groups, such as dog breeders, professional associations,
and employee organisations or within a workplace.  There are
online tools such as Survey Monkey or Lime Survey.  They
have limitations: for instance, in the number of questions you
may ask, the ability to ask a question within a question (sub-
set questions), and response numbers may be limited.
Stratification by characteristics of the population (such as size
of business – large, medium and small) may not be possible.
A questionnaire can be produced with the software from
Google Docs, which is able to provide ‘answers’ or feedback to
the respondents.  In some circumstances, it may be useful to
give information to your respondents in return for providing
some focused answers to questions.  Simple, cost-effective,
online surveys may be very useful, but I have drawn attention
to a number of limitations. 
There are also limitations in other aspects.  Websites are visited
by people and so unless the person is on a sampling frame
and has been sent the link and only allowed to send one
response then these ‘so-called’ surveys have a potential to be
quite biased.  We may assume we have collected 100 answers
in a survey and then discover only 15 individuals actually
answered, in which case these data are meaningless. 
In tertiary education, courses are evaluated by students who
voluntarily respond to online course surveys.  Typically, students
only respond if they are disgruntled or particularly satisfied.
Since lectures are not compulsory, students can respond even if
they do not attend!  Attendance at face-to-face lectures is
dropping over time.  Response rates in Australian universities
had fallen from 40 percent in 2007 to 30 percent in 2010
(Alderman et al, 2012).  Chalmers (2011) has also raised concerns
about low response rates in student surveys in Australia.  These
scores are often biased, unrepresentative, and can be used for
decisions that do not relate to their original purpose.
Human resource departments like to use in-house surveys for
employment satisfaction. One issue is that the data are stored
on the server of the software (often in the USA), and may lead
to privacy and data problems if outside the jurisdiction of the
business.  Also, it is relatively easy to tell who has answered as
the small number of respondents’ answers, their
demographics, and level of employment, are collected.  There
is no privacy or anonymity, unless the survey is collected
independently, and response rates will be low if it is not
independently administered.
Innovations to improve estimates 
Gelman & Hennig (2017) discuss sampling from non-random
samples by using computer-intensive methods such as
resampling, and Bayesian modelling.  I quote: “External
Figure 1.  Survey design (a) simple random sample, (b) sampling within 
clusters (c) a response for individuals over 3 time periods (t1, t2 and t3). The
population is shown as a circle, randomly selected individuals are dots, and
non selected members of the population are not shown.
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information can come in many forms, including
recommendations on what variables to adjust for non-
representativeness of a survey or imbalance in an experiment
or observational study”.  The cost of sampling may be reduced
if data are collected from mobile phones or digital apps in
technology or machinery.  Currently the basic theory of
sampling and its use in analysis cannot be improved upon.  In
the future, we look forward to methodological innovations to
help us to cope with the increasingly large amounts of data
available from non-traditional survey modes.  We should
always be aware of the nature of a particular study, its
motivation, funding and especially its methodology. 
Lohr (2011) has described methods for using multiple frames
and multiple survey modes, and she states: “Multiple frame
surveys, in which independent samples are drawn from separate
frames, can be used to help meet some of these challenges”.  She
describes several situations where the use of multiple frames may
reduce survey costs and improve efficiency of coverage for
particular situations.  Consequently the analysis is more complex,
and some aspects require more research. 
Conclusions
In this article, I aimed to provide a short introduction to the
use of the survey technique.  In many ways, whether you are
working within development or not, the same principles apply.
The principles of survey design apply statistically in all research
situations.  Monitoring and evaluation can use surveys for
impact or evaluation per se, although, this still requires a
representative sample for the research question you are asking.
Without careful thought to survey design, we may end up with
inappropriate or biased designs which produce misleading
data, waste resources and, more importantly, demonstrate a
lack of technical integrity.  Surveys are seen as a quick way of
collecting information.  I have not touched on the ethics or
the legal aspects of surveys, but they are also relevant aspects
of which to be aware.  Many of the populations in which we
are interested are increasingly suffering from survey fatigue.
It is therefore imperative that, in order to collect data for
quality and respected research outputs, we must attend to
survey design, and use the surveys judiciously.
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